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(57) Abstract: The invention relates to the field of molecular biology, molecular genetics, and biotechnology and can be used 
£J for purposes of genotherapy as well as in agriculture, industrial biotechnology for-gene specific silencing of genes whose 
^ expression promotes the development of different diseases and infringes upon a process for producing a required product. The 
invention proposes a method for modifying the genetic characteristics of organisms by means of RNA interference resulting in 
the gene-specific silencing of the selected gene with the aid of RNA molecules. The molecules are synthesised in vitro using the 
f"H RNA molecules which are complementary in a parallel direction with (pcRNA) mRNA of the selected gene which are 
© synthesised in vivo or in vitro on an artificial sequences of DNA which possesses a mirror-symmetrical sequence of nucleotides 
Q in respect to the sequence of the gene nucleotides. The invention provides a general approach to the modification of the genetic 
j^. characteristics of an organism based on the biological characteristics of mirror-inverses of the nucleotide sequences being 
^ achieved through RNA-interference which brings about gene-specific silencing. 
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(57) PefepaT: H3o6peTeHHe othochtca k o6jiacTH MOJieKyjinpHOH 6HOJiorHH, MOJieicyjiflpHOH 

reHeroKe h 6HOTexHOJion*H h mohcct 6biti> HcnoJib30BaHO una uejieH reHOTepanHH b 
Me/muHHe, a Taioice b cejitcKOM xo3khctbc h b npoMbiiuJieHHOH 6HOTexHonoraH jxnz reH- 
cneuH<j)HHecKoro cafijieHCHHra Tex reHOB, 3Kcnpecciw KOToptix cnoco6cTByeT pa3BHTHio 
Tex hjih hhmx 3a6ojieBaHHH hjih Hapyuiaer npouecc Hapa6oncH Heo6xozmMoro npo,ziyKTa. 

ripeflJioaceH cnoco6 H3MeHeHHfl reneTHHecKHx cbohctb opraHH3MOB nyreM PHK- 
HHTep^epeHijHH, npHBOAflmen k reH-cneim<f>HHecKOMy caiiJieHCHHry BBi6paHHoro reHa c 
noMombio MOJieicyji PHK, CHHTe3HpoBaHHbix in vitro, npn 3tom HcnoJib3yK>T MOJieicyjibi 
PHK, KOMimeM eHTapHwe b napajuieJibHOM HanpaBJieHHH (nKPHK) mPHK Bti6paHHoro 
reHa, KOTopbie cHHTe3HpyiOT in vivo hjih in vitro Ha h cxy cctb eH h oh nocJieaoBaTeJibHOCTH 
,ZJHK, HMeiomeH 3epKajibHo-cHMMeTpHHHyio nocjiefloBaTenbHocTb HymiecnHaoB no 
oTHOiueHHK) k nocneflOBaTejibHOCTH Hyicneo-nmoB reHa. 

H3o6peTeHHeM npejmoaceH oSiuhh noaxofl k H3MeHeHHK) reHeTHHecioix cbohctb 
opraHH3Ma, ocHOBaHHufi Ha 6HOJiorHHecKHx cbohctb ax 3epicanbHbix HHBepcHH 
HyicneoTH^Hbix nocJie^OBaTeJiiHOCTen h peajiH3yiomHHca b PHK-mrrep^epeHUHH, 
npHBOjaameH k reH-cneuH(})HHecKOMy caitnencHHry. 



WO 01/42443 



PCT/RUOO/00504 



Cnoco6 H3M6H6HMSI reHeTHHecKHX cbohctb opraHH3Ma 



06nacTb tgxhmkm 

H3o6peTeHHe othochtch k o6jiacra MoneicyjiHpHOH 6HOJiornn, MOJieicyjiHpHOH 
5 reHeTHKe h 6HOTexHOJioraH h moxcct 6liti> HcnoJii>30BaHo win uejiefi reHOTepanHH b 
Me^HUHHe, a TaioKe b cejibCKOM xo3HHCTBe h b npoMbiuuieHHOH 6HOTexHOJioran w% reH- 
cneuH(J)HHecKoro caHJieHCHHra Tex reHOB, siccnpeccHH KOTopux cnoco6cTByeT pa3BHTHio 
Tex hjih hhhx 3a6oJieBaHHH hjih HapymaeT npouecc Hapa6oTKH Heo6xoflHMoro npoflyicra. 

10 YpOBeHL TeXHHKH 

H3BecTHti pa3Htie cnoco6bi H3MeHeHH* reHeraqecKHX cbohctb opraHH3Ma. Ojxhh 
H3 hhx npe^nojiaraiOT noBpe^neHHe caMoro reim. K hx HHCJiy othochtch TaK 
Ha3biBaeMWH "HOKayr" reHOB. 3th ncujxozu>i npeanojiaraioT bhccchhc noBpoK^eHHH 
(MyrauHH) b Bbi6paHHOM reHe b KJieTKax 3apoflbimeBoro nyrn hjih b ctbojiobijx KJieTfcax h 

15 noaTOMy aajieKO He Bcer^a Moryr HcnoJib30BaTbca H3MeHeHH* cbohctb pa3BHBiuerocfl 
opraHH3Ma [L.V. Varga, S. Toth, I. Novak, A. Falus, Immunol. Lett., 1999, vol. 69, p. 217; 
J. Osada, N. Maeda, Methods Mol. Biol., 1998, vol.1 10, p. 79]. 

B nocjieflHHe ro^bi BbObiBaeT noBbimeHHbiH HHTepec Apyron noflxoa k H3MeHeHHK) 
reHeranecKHX cbohctb opraHH3Ma - Hcnojib30BaHHe PHK-HHTep4)epeHUHH, npHBO^mefi k 

20 reH-cneuH(J)HHecKOMy caiuieHCHHry, npn kotopom reH He noBpe»maeTCH, a H3MeHfleTca 
ero peryji^HH [M.K. Montgomery, A. Fire, Trends in Genetics, 1998, vol.14, p. 255; P. 
Sharp, Genes & Development, 1999, vol.13, p.139]. PHK-HHTep^epemma mohcct 
Hcnojib30BaTbCH jxnz reH-cneuH(})HHecKoro caHJieHCHHra Ha nio6bix crra^Hnx pa3BHTHH, b 

TOM HHCJie H flJW H3MeHeHHH CBOHCTB B3pOCJIOrO OpraHH3Ma. nOBblUieHHOe BHHMaHHe K 

25 Hccjie^oBaHHHM PHK-HHTep<J)epeHUHH CBH3aHO c TeM, hto ohh no3BOJiHjiH cJiynafiHo 
o6Hapy^cHTb paHee HeH3BecTHbie apeBHHe MexaHH3Mbi reHHOH peryjiauHH. 

OH3HOJIOrHHeCKaH pOJIb 3THX MexaHH3MOB MO^CeT 3aKJHOHaTbCH B H3MeHeHHH B JIOKaJlbHblX 

crrpyicrypax xpomocom, bo bjihshhh Ha aKTHBHOCTb TpaHCKpnnijHH, Ha npoueccHHr mPHK, 
ee TpaHcnopT b UHTonjia3My h Ha ee CTa6HJibHOCTb. 
30 K HacToameMy BpeMeHH PHK-HHTep<J)epeHUHH, npnBOflflmaa k reH- 

cneuH(J)HqecKOMy cafiueHCHHry, onncaHa Ha pa3JiHHHbix opraHH3Max - HeMaTO^e, 
,apo3o4)HJie, rpn6ax, pacTeHHflx. 
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H3BecTeH cnoco6 H3MeHeHHH reHeTHHecKHX cbohctb opraHH3Ma, ochobshhuh Ha 
PHK-HHTep4)epeHUHH c Hcnojit30BaHHeM jynz 3toh uejra aHTHCMbicjioBofi PHK (acPHK), 
KOTOpaa KOMnjieMeHTapHa b aHranapanJienbHOM HanpaBJieHHH mPHK Bbi6paHHoro reHa, 
CHHTe3HpyeTCH in vitro h bboahtch b opraHH3M [A. Fire, S-Q. Xu, M.K. Montgomery, S.V. 
5 Kostas, S.E. Driver, C.C. Mello, Nature, 1998, vol. 391, p. 806]. 

OnHcaHHHH cnoco6 ocymecTBJiHioT cjieflyiomHM o6pa30M: 

1. Bbi6HpaioT reH, aKTHBHOCTb KOToporo HeacejiaTejibHa; 

2. Totobht reHeraHecKyio KOHerpyKUHio, b KOTopoft ^aHHbiit reH hjih 
cooTBeTCTByiomaH eMy k#HK 

10 (nocjie^oBaTejibHOCTb, cooTBeTCTByiomaa mPHK), T.e. npHpoflHaa flHK, 
opHeHTHpoBaHa b npoTHBonono^cHOM HanpaBJieHHH h HaxoziHTCH noa KOHTpojieM 
Hy^cHoro npoMOTOpa. 3thm o6ecneHHBaeTca TpaHCKpHimHH He3HanameH uenn reHa. 
Jinx nojiyneHHH KOHCTpyiajHH HcnoJib3yK)T pa3HOo6pa3Hbie Beicropbi, KOTopbie Moryr 
coAep^aTb nocjie.aoBaTeJibHOCTH flHK, BaacHbie ajiji cejieKixHH TpaHC(j)opMaHTa, jvia 

15 3(J)(})eKTHBHOH 3KcnpeccHH nepeBepHyToro reHa h jxsvi "npaBHJibHoro BnncbiBaHHa" 

KOHCTpyKIIHH B XpOMOCOMHbie flOMCHbi; 

3. Ha nojiyneHHoii KOHCTpyioiHH in vitro CHHTe3HpyiOT h bboaht b opraHH3M acPHK c 
noMombio pa3Hbix MeTOflOB (sjieierponopauHH, HHbeKUHH, per os). 

CymecTBeHHbiM HeziocTaTKOM 3Toro cnoco6a H3MeHeHHH reHeraHecKHx cbohctb 
20 opraHH3Ma c noMombio PHK-HHTep(J)epeHaHH aBJiaeTCH to, mto npn Hcnojib30BaHHH 
KOHCTpyKiiHH, npe#Ha3HaHeHHbix jxnsi cHHTe3a acPHK b pe3yjibTaTe nepecTpoeK moecct 
npoH30HTH peBepcM, T.e. npeKpaTHTca SKcnpeccn* acPHK h HaHHeTca chhtc3 
nocjie^oBaTe^bHOCTH cooTBeTCTByiomen uenn mPHK. T.e. bmccto no^aBJieHHH 
aKTHBHOCTH Bbi6paHHoro reHa moecho nojiyHHTb ero aKTHBHpoBaHHe. Chhtc3 uenn mPHK 
25 MoaceT TaK)Ke HanaTbCH H3-3a toto, mto b MecTe HHcepuHH KOHCTpyKitHH Moryr OKa3aTbc« 
nocjie^oBaTejibHOCTH xo3*HHa, HMeiomne npoMOTopHyio aKTHBHOCTb b ueiiH, 
cooTBeTCTByiomeH uenn mPHK. BepojrrHocn> Taicnx co6brraH BbicoKa. 

HaH6ojiee aeMOHCTpaTHBHO Bbicoicaa BepojrraocTb peBepcnn nojiTBep^eHa 
pa6oTaMH c TpaHcreHHbiMH opraHH3MaMH. KoHcrpyKUHH npn 3tom bboahjihcb c 
30 npoTHBonojio>KHOH uejibK) - ^o6HTbca 6oJibiueH aKTHBHOCTH xaKoro-JiH6o reHa. OjmaKo, 
peBepcHH b pe3yjibTaTe cnoHTaHHoro aKTHBHpoBaHHH TpaHCKpHnunn c 
npoTHBonojioacHOH uenn npoBO^HJiH He k yBejinneHHio aKTHBHOCTH reHa, a k nojiHOMy ee 
noziaBJieHHK), T.e. k reH-cneuH^HHecKOMy canneHCHHry b pe3yjibTaTe PHK- 
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HHTep<|>epeHUHH [M.K. Montgomery, A. Fire, Trends in Genetics, 1998, vol. 14, p. 255; P. 
Sharp, Genes & Development, 1999, vol.13, p.139]. 

CymHocTb H3o6peTeHH« 

5 ' npeflJio>KeH cnoco6 H3MeHeHHH reHeTHnecKHX cbohctb opraHH3Ma nyreM PHK- 

HHTep4>epeHUHH, npHBOflameii k reH-cneim<i>HHecKOMy cafijieHCHHry BuSpaHHoro reHa c 
noMOUibio MOJieicyji PHK, CHHTe3HpoBaHHbix in vitro, BKjnonaiomHH Hcnonb30BaHHe 
MoneKyji PHK, KOMnneMeHTapHbix b napanjiejibHOM HanpaBJieHHH (nKPHK) mPHK 
BM6paHHoro reHa, npH 3tom nKPHK CHHTe3HpyiOT in vivo hjih in vitro Ha HCKyccTBeHHOH 
10 nocJiewBaTejibHOCTH £HK, HMeiomeH 3epKajn>H0-cnMMeTpHHHyK) nocjieaoBaTejibHocTb 
HyicneoTH^oB (3epicajibHafl HHBepcH*) no oraonieHHio k nocjieflOBaTejibHOcra 
HyxjieoTH^oB reHa. 

nepenenb (})Hryp 

15 <J>Hr. 1 npHBo^HT ziaHHbie o cTpyioype JJHK-KOHCTpyicnHH, coflepacamefi 

3epKanbHyio nocneflOBaTejibHOCTb HyiaieoTHflOB oTHocHTejibHO reHa Ion E. coli h 
npe,aHa3HaHeHH0H j\n% 3KcnpeccHH mcPHK, rue: 

a - B3aHMooTHOineHHfl nocJieflOBaTeJibHOCTen HyKJieora.aoB reHa Ion h 

HCKyCCTBeHHOH XHMHHeCKH CHHTe3HpOBaHHOH nOCJieflOBaTeJIbHOCTH flHK, 3epKaJIbHO- 
20 CHMMeTpHHHOH OTHOCHTeJIbHO reHa (+ UeilH COOTBeTCTByiOT nOCJie^OBaTeJIbHOCTHM 

nnPHK parlon h mPHK); cHHTe3HpoBaHHan #HK B K OHCTpyicuHH Haxozurrca noa 
KOHTpojieM npOMOTOpa lac, o6ecneHHBaiomHM 3KcnpeccHK> nKPHK parlon; 

6 - B3aHM00TH0iueHHH MOKfly mPHK reHa Ion h nKPHK parlon; 

b - reHbi b lux-peryjiOHe: npoMOTopbi pr h pi b lux-perynoHe pa6oTaiOT Ha pa3Hbix 
25 uenax, reHbi noKa3aHbi CBeTJibiMH npaMoyrojibHHKaMH; Lon 6e;ioK flerpaanpyeT npoayKT 
reHa R, aKTHBHpyiomHH pi h, TeM caMbiM, npenaTCTByeT pa6oTe reHOB, o6ecneHH~BaioiiiHX 

JHOMHHeCUeHUHK). 

Onr. 2 noKa3biBaeT pe3yjibTarbi ji iomhhcc ueHUHH KJieTOK £. coli, KOTopaa 
HaojHOj^aeTCK npH caiuieHCHHre reHa lon b pe3yjibTaTe aKcnpeccHH (parlon), rae: 
30 Lux-perynoH Vibrio fischeri 6un BBe^eH b lon + hjih lon' kjictkh E. coli. B 

nojiyneHHbie lon + kjictkh aonoJiHHTeJibHO nop03Hb bbootjih TaioKe KOHCTpyKiinio, 
co3^aHHyio Ha ochobc Beicropa pUC12, cnoco6Hyio 3KcnpeccnpoBaTb nKPHK parlon hjih 
HcxoziHyio njia3MHZiy pUC12, He coaepacamyio BCTaBKii. noKa3aHa 3aBHCHM0CTb 
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HHTeHCHBHOCTH niOMHHecucHUHH cycneH3HH kjictok, onpeaejiaeMaa C nOMOlUbK) 
jiioMHHOMeTpa (DV), ot onranecKOH iijiothocth (OD550)- CafijieHCHHr reHa Ion BH3biBaex 
CBeneHHe TpaHecfropMaHTOB, coaepxcamnx KOHCTpyKUHio parlon. 

cDht. 3 npe^cTaBJiHeT aaHHbie o cTpyioype flHK-KOHCTpyKUHH, coaepacamefi 
5 3epKani>HyK) nocjie^OBaTeJibHOCTb HyKJieowoB oTHOCHTeJibHO reHa Kruppel apo30<})HJibi 
h npe^Ha3HaMeHHofi jwsi 3KcnpeccHH nKPHK (Kr-par), rae: 

a - B3aHMOOTHOiiieHM nocjieflOBaTejibHocTeii HyKJieoTHflOB reHa Kr h 

HCKyCCTBeHHOH XHMHHeCKH CHHTC3HpOBaHHOH nOCJieflOBaTeJIbHOCTH flHK, 3epKaJIbHO- 
CHMMeTpHHHOH OTHOCHTeJibHO reHa (+ HQUh COOTBeTCTByiOT nOCJieflOBaTeJIbHOCTSM 

10 nKPHK Kr-par h mPHK); cHHTe3HpOBaHHa$i JJflK b KOHCTpyKijHH Haxoairrca nojx 
KompojieM npoMOTopa PHK nojiHMepa3bi T7, o6ecneHHBaiomHM 3KcnpeccHK> nKPHK Kr- 
par (cHHTe3 no apyroii uenn kohctpykuhh b Beicrope pGEM-1 o6ecneHHBaeTca 
npOMOTopoM PHK nonHMepa3bi SP6); 

6 - B3aHMOOTHomeHH* Meamy mPHK reHa Kr h nKPHK Kr-par; 
15 cj) H r. 4 noKa3biBaeT <j)eHOTHnbi HopMajibHoii jihhhhkh ,npo3o4>HJibi h (})eHOKonHH 

Kr, noJiyneHHbix nocjie HHteicuHH nKPHK Kr-par, me: 

a - 4>eHOTHnbi HopMajibHoii jihhhhkh ,zjpo30(j)HJibi, 

6 - (J)eHOTHnbi jihhhhkh, pa3BHBineHCH H3 3m6phohob, HirbeuHpOBaHHbix PHK Kr- 
par, HMeiomKx ^ejieuHH TopaKajibHbix cerMeHTOB, a Taicace o/jHoro nepezmero 
20 a6,aoMHHajibHoro cerMeirra, 

b - 4>eHoranbi jihhhhkh, pa3BHBUieHCJi H3 3m6phohob, HHi>euHpoBaHHbix PHK Kr- 
par, HMeiomnx ^ejieuHH TopaKajibHbix ceraeHTOB, a Taicace Tpex nepe^HHX 
a6AOMHHajibHbix cerMeHTOB. 

CTpejiKa yKa3biBaeT aTonHnecKH pa3BHBiueeca flbixajibue, TaioKe xapaicrepHoe jxnsi 

25 <J)eHOTHna Kr. 

PaCKpblTHe CyiOHOCTH H306peTeHHH 

B ocHOBy npejuiaraeMoro H3o6peTeHH* nojioaceHa 3aj5ana noBbinieHH* h^okhocth 
PHK-HHTep4)epeHUHH, npn KOTopoft 6buiH 6bi HeB03MO)KHbi peBepcHH, npHBOflfliune k 
30 cHHTe3y uenn mPHK Ha KOHCTpyKunax, hcxo^ho npe;ma3HaHeHHbix j\nsi reH- 
cneuHcJwneKoro ca&ieHCHHra. 

Ilpe^Jio^eH cnoco6 H3MeHeHH* reHeraHecKHX cbohctb opraHH3Ma nyreM PHK- 
HHTep4>epeHUHH, npHBo/wmeH k reH-cneijH({)HHecKOMy caHJieHCHHry Bbi6paHHoro reHa c 
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noMoiiibK) MOJieicyji PHK, cHirre3HpoBaHHbix in vitro, npn 3tom HcnoJib3yK)T Moneicyjibi 
PHK, KOMiuieMeHTapHwe b napajuiejibHOM HanpaBJieHHH (nicPHK) mPHK Bbi6paHHoro 
reHa, KOTopwe cHHTe3HpyioT in vivo hjih in vitro Ha HCKyccTBeHHOH nocjiejiOBaTejibHOCTH 
#HK, HMeiomeH 3epKaJibHO-CHMMeTpHHHyio nocjiej^OBaTejibHocTb HyioieoTHflOB no 
5 OTHouieHHK) k nocjicaoBaTejibHocra HyiaieoTHaoB reHa. 

npeflJiaraeMbifi cnoco6 npHBOjiHT k s^ckthbhoh PHK-HHTep<})epeHaHH h reH- 
cneuH(})HHecKOMy cafijieHCHHry h HCKjnonaeT CHHTe3 mPHK, t.k. b KOHCTpyxiimix 
Hcnojib3yeTC« HeroMOJiorHHHaa HCKyccTBeHHan nocjieaoBaTejibHOCTb ,QHK. 
ripenJio^ceHHbm cnoco6 ocymecTBJiaiOT cjieayiouiHM o6pa30M: 
10 L Bbi6HpaioT reH, aicTHBHocTb KOToporo HeaceJiaTejibHa (t.c 0Ha npHBoziHT k 
3a6ojieBaHHio hjih Hapymaer 6HOTexHOJiorHHecKHH npouecc); 
2. XHMHHecKH cHHTe3HpyiOT HCKyccTBeHHyK) nocjieaoBaTeJibHOCTb #HK, HMeiomyio 
3epKanbHoe nepcaoBaHHe HyKJieoraflOB no oraomeHHio k Bbi6paHOMy reHy hjih ero 
nacre; 

15 3. ToTOBflT reHeTHnecKyio KOHCTpyKUHio, b kotopoh Hcnojib3yioT pa3HOo6pa3Hbie 
BeKTopbi, coflepacaiijHe CHHTe3HpOBaHHyio J\KK no;i hjokhmm npoMOTopoM h apyniMH 

nOCneflOBaTeJlbHOCTHMH, Ba)KHbIMH flJIfl 3<|)<{)eKTHBH0H 3KCnpeCCHH H flJIfl 

"npaBHJIbHOrO BnHCblBaHH*" KOHCTpyKUHH B XpOMOCOMHbie flOMeHbi; 

4. KoHCTpyKUHK) TeM hjih HHbiM nyTeM bboa*t b opraHH3M jum CHHTe3a nKPHK in vivo 
20 (TpaHC(|)opMauHH) 5 jih6o nKPHK CHHTe3HpyiOT in vitro Ha KOHCTpyKUHH h bboott b 

OpraHH3M C nOMOmbK) HHbeKIIHH. 

H3o6peTeHHe noacHfleTC* KomcpeTHbiMH npHMepaMH ocymecrBJieHHH cnoco6a 

H3MeHeHHH reHCTHHeCKHX CBOHCTB OpraHH3Ma, B KOTOpblX 3TH H3MeHeHHH npOJIBJIHIOTCH 

KaK H3MeHeHH^ 4>eHOTHna, h HJiJHOcrpHpyeTCH 4 (JmrypaMH. 

25 

CBeaeHHfl, noflTBepHmaiomHe BO3MOHCH0CTb 
ocyiuecTBJieHHH H3o6peTeHHfl 

npHBe^eHHbie aajiee npHMepbi hbji^iotch npeAnoHTHTejibHbiMH, npeOTa3HaneHbi 
jiHiiib jxjik no.aTBep^eHH^ bo3mohchocth ocymecTBJieHHa H3o6peTeHH* h He aojdkhli 
30 CTaTb ocHOBaHneM nnx orpaHHHeHHH o6beMa npHTjnaHHH 3aflBHTejia. CneuHaJiHCT b 
naHHOH oSjiacTH TexHHKH 6e3 Tpyay HaitaeT bo3moh<hocth hhhx BonjiomeHHH 
H3o6peTeHHH, KOTopbie 6e3ycjioBHo nozmaaaiOT nojx npHTH3aHHJi 3aflBHTejia, oTpaxceHHbie 
b cjjopMyjie H3oopeTeHH£, npHBOflHMOH HHace. 
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ripwviep 1. PHK-miTep(|)epeimHfl b KJiCTKax Escherichia coli c noMOujbio 
MOJieKyji PHK, komii jieMeirrapH bix b napajuiejibiiOM HanpaBJieHmi mPHK reHa Ion, 

CHHTe31ipOBaHHbIX I/I VIVO. 

TeH Ion Bbi6paH b KanecTBe MOflejiH, nocKOJibKy oh HBJiaeTca oahhm H3 
5 kjhohcbbix b peryjiWHH mhothx npoueccoB b KneTKax E. coli. 

XhMHHCCKH CHHTe3HpOB3Ha HCKyCCTBCHHafl nOCJieflOBaTeJIbHOCTb flHK .zuihhoh 95 

bp (bp - napa ocHOBaHHH b #HK hjih PHK), HMeiomaa 3epKajn>H0 cHMMeTpHHHyio 
nocjicaoBaTejibHOCTb h yicn e oth#o b no othoiuchhio k cooTBeTCTByiomeH o6jiacTH reHa Ion. 
3ra J\HK HcnoJib30BaHa jum co3#aHHfl KOHCTpyKUHH Ha ochobc Beicropa pUC12, b 
10 KOTOpoH noa KOHTpoJieM lac-npoMOTOpa HaxoflHTca uenb, SKcnpeccnpyiomafl nKPHK 
parlon (Oht. 1 a, 6). 

nojiyneHHa^ KOHCTpyKUHa c noMombio TpaHC<J>opMauHH BBeaeHa b KJiencH E. coli. 
3a bjihahhcm nxPHK parlon Ha aKTHBHOCTb aH^oreHHoro reHa Ion cjiejjflT 
no 3(J)(J)eKTy nocJieflHero Ha pa6oTy lux-peryjiOHa, BHeceHHoro b kjictkh E. coli H3 kjictok 

15 Vibrio fischeri. Lon-npoTea3a HBJiaeTca HeraraBHbiM peryjiHTOpoM lux-peryjiOHa, t.k. OHa 
cneuH(})HHecKH flerpajmpyeT 6eJiOK LuxR. IIocjieflHHH b KOMnjieKce c aBTOHHflykTopoM 
3anycicaeT chhtc3 6cjikob, o6ecneHHBaiomHx jnoMHHecueHUHio. npoMOTopbi pr h pi b lux- 
peryjioHe pa6oTaK)T Ha pa3Hbix uenax, reHM noKa3aHbi cbctjihmh npaMoyronbHHKaMH 
(Onr. 1 b). Akthbho pa6oTaiomHH reH Ion Bbi3biBaeT penpeccHio TpaHCKpHnuHH lux- 

20 peryjioHa, hto <J)eHOTHnHHecKH npoflBJiaeTui b noaaBJieHHH jhomhhccuchuhh. HanporaB, 
caftjieHCHHr reHa Ion npHBO^HT k yBennneHHio KOHueHTpauHH LuxR h, cjie^OBaTejibHO, k 
aKTHBauHH TpaHCKpHnuHH lux-peryjiOHa, hto npHBO^HT k 3aMeraoMy ycHJieHHio CBeneHHH 
kjictok. Lux-peryjiOH b cocraBe 16 kb BamHI (J)parMeHTa J\HK Vibrio fischeri, 6klji 
BBe/ieH b Ion* kjictkh E. coli K12 AB1157, a Taicace b Ion" kjictkh E. coli K12 AB1899 

25 (lonl). 

B nojiyneHHbie Ion* kjictkh aonojiHHTejibHO nopo3Hb BBojurr TaioKe KOHCTpyKnHio, 
co3,naHHyK) Ha ochobc Beicropa pUC12, cnoco6Hyio 3KcnpeccHpoBaTb nKPHK parlon hjih 
HcxoflHyio nna3MH,ay pUC12, He coaepKamyio BCTaBKH. CaHJieHCHHr reHa Ion 
onpe^ejiHioT no B03pacTaHHK) cbchchha kjictok. Hhtchchbhoctl jhomhhccuchuhh kjictok, 
30 SKcnpeccHpyiomnx nKPHK parlon B03pacTaeT Ha hcckojibko nopwKOB no cpaBHeHHK) c 
KOHTpoJieM, coaepxcameM Hcxojwyio ruia3MH;iy pUC12 (Onr. 2). 

IlpH BbipamHBaHHH TpaHC(J)opMaHTOB parlon Ha TBepflbix cpenax Ha6jnosajiH 
pa3BHTHe u cjiH3HCTbix" ko.iohhh, hto xapaKTepno juia Ion* 4)eHorana hjih cafijieHCHHra 
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reHa Ion. 

IIpuMep 2. IIoJiyHeHHe 4>eHOKoniiH Kruppel (Kr) npH mibeKUUHX b 3iu6pnoHbi 
Apo30(|)iiJibi PHK, KOMnjiewieHTapHOH mPHK b napajuieJibiioM HanpaBJieHHH, 

CHHTe3HpOBaHHOH III VltrO. 

5 Kr - roMeoTHHecKHH reH, aKTHBHwii yrce b 3HroTe h KOHTpojiHpyiomHH 

o6pa30BaHHe cerMeHTOB Ha paHHeii 3M6pHOHaJibHOH CTaflHH pa3BHraa ,npo30(}>HJibi Bw6paH 
b KanecTBe Mo^ejiH, no3BOJiaiomeH Ha6jiK>flaTi> paHHee pa3BHrae b MHoroKJieTo^HOM 
opraHH3Me. MyraHTbi Kr HMeiOT aejieuHH npHJieacamux TOpaKajibHbix h nepeaHHx 
a6^0MHHajibHbix cerMeHTOB. OeHOTHnnHecKH 3to 3aMeTHO cpa3y nocjie pa3BHraa 
10 KyraKyjiM h BbuiyiuiHBaHna jihhhhok. MyraHTM Kr hmciot aejieuHH TopaKajibHtix 
cerMeHTOB h ot oflHoro j\o HeotcojibKHx a6,aoMHHaflbHbix cerMeHTOB, a HHor^a Taicace 
aTonHnecKH pa3BHBUiHecfl flbixajibiia b nepe^HeH ^acTH Tejia jihhhhkh [E. Weischaus, C. 
Nusslein-Volhard, H. Kluding, Development, 1984, vol. 104, p. 172]. TaKHM o6pa30M, 
MyraHTbi Kruppel hmciot yHHKajibHtra <J)eHOTHn, npoaBJiaiomH&cfl yace nepe3 cyrKH 

15 pa3BHTHH 3M6pH0H0B flp030(})HJIbI, HTO yfl06HO JW* H3y4eHHH BJIHJIHHH PHK Ha (j)eHOTHn. 

flonojiHHTejibHbiM apryMeHTOM c nojib3y Bbi6opa aaHHofi MOflejiH 6hjio to 
o6cTOOTejibCTBO, hto BJiH5iHHe HHbeKUHH aHTHCMbicjiOBOH PHK Kr 6mjio npoBe^eHO paHee 
[U.B. Rosenberg, A. Preiss, E. Seifert, H. Jackie, D.C. Knippe, Nature, 1985, vol. 313, p. 
703]. 

20 XHMHHeCKH CHHTe3HpyK)T HCKyCCTBeHHyK) IIOCJieflOBaTeJIbHOCTb #HK flJIHHOH 160 

bp, HMeiomyio CHMMeTpHHHyio nocjieaoBaTenbHOCTb HyioieoTimoB no o6jiacra reHa Kr 
(Our. 3 a, 6). CiieayeT noOTepKHyn,, hto aHTHCMbicjioBbie PHK cHHTe3HpyK)T Ha 
He3HanameH ueiiH Toro ace caMoro reHa, Tor/ia KaK nKPHK MoaceT 6brrb cHHTe3HpoBaHa 
TonbKO Ha reTepojiorHHHOH nooieflOBaTejibHOCTH ^HK, HMeiomen 3epKajibHO- 
25 CHMMeTpHHHoe nepeaoBaHHe. 

CHHTe3HpoBaHHyio flHK Hcnonb3yK>T juik nojiyneHHa KOHCTpyKijHH b Beicrope 
pGEM-1, no3BOJi*iomHM c npOMOTopa PHK no;iHMepa3bi T7 Becra chhtc3 nKPHK. 
nKPHK 6bma Ha3BaHa Kr-par, t.k. OHa KOMnjieMeHTapHa mPHK reHa Kr b napajinejibHOM 
HanpaBJieHHH. 

30 3m6phohbi jihhhh Oregon RC HHbeunpyioT npenapaTaMH nKPHK b o6;iacTb 

nJia3Mbi 3aaHero nojnoca Ha ctbj^hh chhuhth* h HHKy6HpyK)T non boaoh npH 25°C b 
TeneHHe 18-24 nacoB. 3aTeM totobht npenapaTbi KyrHKyjibi h Ha6jnoflaK>T pa3BHTHe 

CerMeHTOB JIHHHHOK nOfl (J)a30BO-KOHTpaCTHbIM MHKpOCKOnOM. 
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06Hapy3KeHO ph3bhthc jihhhhok HMeiomnx xapaicrepHbiH Kr-^eHOTHn. B 

KOHTpOJIbHBIX 3KCnepHMeHTaX, nOCJie HHbeKUHH PHK, CHHTe3HpOBaHHOH Ha 

npoTHBonojiOHCHOH ueiw toh ace kohctpykuhh c noMombK) SP6 PHK noiiHMepa3bi, 
Ha6jno,aaioT tojibko pa3BHrae HopMajitHbix jihhhhok. 
5 Oht. 4 npeflCTaBJiaeT HOpMajitHyio JiHHmncy (a), a TaioKe abc jihhhhkh, 

nojiyHeHHbie nocjie HHbeKUHH npenapaTa Kr-par (6, b). riocne^HHe hmciot aejieiiHH 
TopaKajibHbix cerMeHTOB h oflHoro hjih Tpex 6pK>uiHbix cerMeHTOB h 3KTonHHecKH 
pa3BHToe flbixajibue b nepe^Hefi nacra Tejia jihtohkh, hto xapaicrepHO nnx <j>eHOTHna Kr. 
HacroTa noHBJieHHH 4>eHOKonHH Kr nocjie HHbeKimfi PHK Kr-par npHMepHO 
10 cooTBeTCTByeT TaKOBOH nocjie HHbeKimft c o otb eTCTByiom efi acPHK [U.B. Rosenberg, A. 
Preiss, E. Seifert, H. Jackie, D.C. Knippe, Nature, 1985, vol. 313, p. 703]. noicasaHo, *rro b 
MHoroKJieTOHHOM opramoMe, B03^eHCTByH nKPHK Ha 3KcnpeccHK> KjnoneBoro reHa 
^HtJjcJjepeHUHpoBKH, nojiynaiOT HanpaBJieHHoe H3MeHeHHe reHeranecKHx cbohctb 
opraHH3Ma. 

15 TaKHM o6pa30M, o6HapyaceHO BjmaHHe 3epicajibHbix HHBepcHH HyioieoTHflHbix 

nocjie^OBaTejibHocTefi, TeM hjih hhmm nyreM BBeaeHHbix b opraHH3M, Ha ero 4>eHOTHn. 
OcHOBHoe npeHMymecTBO npeflJiaraeMoro cnoco6a coctoht b tom, hto 3epKanbHbie 
nocjiewBaTejibHOCTH cnoco6HM o6ecnewrb chhtc3 nicPHK h PHK-HHTep4>epeHUHio, ho, 
6yz*yHH reTepojiorHHHbiMH nocjiejaoBaTenbHOCTHMH, He Moryr CHHTe3HpoBaTb 

20 cooTBeTCTByiomyio mPHK. no3TOMy npn HcnoJib30BaHHH 3Toro noaxoaa 
("naflHHflpoMHbiH noaxofl"), B otjihtoc ot ipaflHiiHOHHoro cnoco6a, Hcnojib3yemero 

acPHK ("aHTHCMblCJIOBOH nOflXOfl")* He MOHCeT npOH30HTH peBepCHH H HaHaTbCH CHHTC3 

uenH mPHK. 

H3o6peTeHHeM npeflJioaceH o6iuhh noflxoa k h3mqhqhhk) reHeraHecKHX cbohctb 
25 opraHH3Ma, ocHOBaHHbiii Ha 6HOJiorHHecKHX cBOHCTBax 3epKajibHbix HHBepcHH 
HyKJieoTriaHbix nocjie^oBaTejibHOCTeH h peajiH3yibmHHCH b PHK-HHTep4>epeHijHH, 
npHBOOTmefi k reH-cneitfKjwnecKOMy caiuieHCHHry. npeflJiaraeMbiH cnoco6, ocHOBaHHbiw 

Ha o6Hap>OKeHHOH BblCOKOH H H36HpaTeJIbHOH 6HOJIOrHHeCKOH aKTHBHOCTH TpaHCKpHnTOB 
C 3epKaJlbHbIX HHBepCHH HyKJieOTHflHblX nOCJieAOBaTeJIbHOCTeil, npHBOflHT K H3MeHeHHK) 

30 4)eHorana h MoaceT 6brrb Hcnojib30BaH uejieii reHOTepanHH b Me^HUHHe, a TaioKe b 
cejibCKOM xo3*HCTBe h b npoMbiiujieHHOH 6HOTexHOJioraH jxsix reH-cneuH4)HqecKoro 
caftjieHCHHra Tex reHOB, 3KcnpeccHfl KOTopbix cnoco6cTByeT pa3BHTHK) Tex hjih hhwx 
3a6oJieBaHHH hjih HapyiuaeT npouecc Hapa6oTKH Heo6xo,aHMoro npoflyicra. 
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0>OPMyjIA HBOEPETEHHfl 



Cnoco6 H3MeHemifl reHeranecKHX cbohctb opraHH3Ma nyreM PHK- 
HHTep4>epeHUHH, npHBOflameii k reH-cneuH({)HHecKOMy cafijieHCHHry Bbi6paHHoro reHa c 
5 noMomtio MOJienyn PHK, CHHTe3HpoBaHHbix in vitro, OTJiimaiomHHCH TeM, hto 
Hcnojib3yK)T MOJieKynti PHK, KOMnneMeHTapHSie b napajuiejitHOM HanpaBJieHHH (nKPHK) 
mPHK BbiopaHHoro reHa, npH stom nKPHK CHHTe3HpyK>T in vivo hjih in vitro Ha 
HCKy c ctb e h h o h nocjieflOBaTejibHOcra flHK, HMeiomefi 3epKajibHO-CHMMeTpHHHyio 
nocjie^OBaTejibHocTt HyKJieoraflOB (3epKajiBHaa HHBepcH*) no othouichhio k 
10 nocjieaoBaTejibHOCTH h yKJiecynmoB reHa. 
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